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TRIP C-4
BEDROCK GEOLOGY OF THE SOUTHEASTERN MARGIN OF THE CONNECTICUT VALLEY - GASPE
SYNCLINORIUM IN SOMERSET COUNTY, MAINE
Robert G. Marvinney 
Maine Geological Survey 





The area encompassing the Penobscot Lake, Sandy Bay, and Seboomook Lake 15 
minute quadrangles, collectively referred to as the Penobscot Lake region, 
lies on the southeastern margin of the Connecticut Valley - Gaspe Synclinor­
ium, near its junction with two other major tectono-stratigraphic sequences —  
the Boundary Mountains anticlinorium and the Moose River Synclinorium —  from 
which it is separated by major faults (Figs. 1 and 2). Sedimentary rock units 
of the Penobscot Lake region are interpreted as turbidites thought to have 
been deposited on the slopes of a basin, possibly extensional, following the 
Taconian orogeny and before the Acadian. They record a successive increase 
followed by a decrease in the distance to source region, and may reflect a 
change in provenance direction as well. The units have been moderately to 
tightly folded, thrust to the northwest, and metamorphosed to greenschist 
facies during the Acadian orogeny. South and southwest of the area, intensity 
of Acadian deformation and rank of metamorphism rapidly increase (Osberg et 
al., 1985). Beyond the northwestern margin of the Connecticut Valley - Gaspe 
Synclinorium the affects of the Taconian orogeny intensify (St-Julien and
Hubert, 1975).
REGIONAL GEOLOGIC SETTING
Connecticut Valley - Gaspe Synclinorium (CVGS)
The CVGS extends from the eastern tip of the Gaspe Peninsula, southwest- 
ward across southern Quebec and northwestern Maine, then south through eastern 
Vermont, and central Massachusetts and Connecticut. It contains a thick and 
varied sequence of marine clastic deposits of primarily Silurian and Devonian 
age which, for the most part, rest unconformably on Cambro-Ordovician rocks. 
Williams (1978) grouped the rocks in the Synclinorium in his successor basin 
lithofacies, suggesting that the rocks were deposited on the destroyed margins
of a former ocean. However, the successor basin model is complicated by 
extensional and transcurrent activity which may have contributed to the 
development of the basin.
Boundary Mountains anticlinorium (BMA)
The BMA extends from just west of Moosehead Lake southwestward to the 
Maine-New Hampshire border where it joins the Bronson Hill anticlinorium.
Some workers extend the anticlinorium as far north as the pre-Silurian 
exposure at Caucomgomoc Lake (Osberg et al., 1985). Early studies of the 
bedrock geology of the BMA (Billings, 1956; Green, 19o4) established much of 
the stratigraphy of the Precambrian through Middle Ordovician rocks exposed 
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Fig. 1. Geologic outline map of northwestern Maine and southeastern Quebec
Number quadrangles are: (1) Caucomgomoc Lake, (2) Seboomook Lake, (3) 
Penobscot Lake, (4) Sandy Bay, (5) Long Pond, (6) Attean.
consists of a complexly deformed group of gneisses, granofels, and other high 
grade metamorphic rocks which are considered to be the basement of a micro­
plate or terrane sutured to North America (Lyons et al., 1982; Osberg, 1978; 
Boone and Boudette, 1989). On the southeast of the massif is welded the 
Cambrian Boil Mountain ophiolite sequence (Boudette, 1982). Succeeding this 
is a Cambro-Ordovician accretionary melange and flysch sequence (Boone, in 
press). On the eastern side of the BMA the pre-Silurian rocks are overlain 
unconformably by Silurian strata of the Moose River Synclinorium (Albee and 
Boude tte, 1972).
Moose River Synclinorium (MRS)
Study by Boucot and Heath (1969) resulted in definition of most of the
Silurian and Devonian rocks in the MRS. The rocks predominantly are mildly 
metamorphosed, fossiliferous sandstone and mudstone, and are again representa­
tive of the successor basin lithofacies defined by Williams (1978). The 
Acadian orogeny tightly folded the strata into a series of minor doubly plung­
ing anticlines and synclines. Recorded in the sedimentary rocks of the Syn­
clinorium are the early stages of this orogeny. Where the MRS meets the CVGS, 
















































In the Penobscot Lake region the units from youngest to oldest are the 
North East Carry Formation and the Ironbound Mountain Formation, both of which 
are members of the Seboomook Group (see Pollock, 1987, for justification of 
the Seboomook Group), and Frontenac Formation. The Ironbound Mountain in­
cludes the Grenier Ponds Member and is underlain by the Frontenac Formation.
In addition to the main body of the formation the Frontenac contains one 
member, the Canada Falls volcanic member.
North East Carry Formation
The Seboomook Group is the unit to which most of the rocks of northern 
Somerset County and those of the northwestern half of Aroostook County, Maine 
are assigned (Osberg et al., 1985). The North East Carry Formation now in­
cludes the type locality rocks of the former Seboomook Formation. Originally 
called the "Seboomook Slate" by Perkins (1925), the group was described as a 
variably sandy, dark gray slate with well developed cleavage. In their work 
on the MRS, Boucot and Heath (1969) redefined the formation and designated the 
rocks exposed at Seboomook Dam as the type section even though it is there 
atypically sandy. This redefinition has been the a primary source of strati­
graphic confusion. Pollock (1987) summarized the historical aspect of the 
term and pointed out that many field workers currently adhere to Perkins' 
original definition which well fits most of the formation.
Rocks of the North East Carry Formation are recognized in a narrow belt 
which strikes southwestward from Seboomook Dam and continues across most of 
the southeastern quadrant of the Seboomook Lake quadrangle (Fig. 2). The 
entire southeastern section of the area is underlain with these rocks but they 
are difficult to trace with certainty to the south. In areas of the MRS where 
Boucot and Heath (1969) mapped Seboomook rocks, the extent and distribution of 
North East Carry rocks is unknown. Thickness of the formation can only be 
estimated because the upper contact is not exposed in the field area and be­
cause of structural repetition in the outcrop belt. Based on known outcrop­
pings of these rocks the minimum thickness is around 1000-2000 m.
Cyclically bedded fine quartz-arenite and gray slate comprise most of this 
lithology. Beds range in thickness from 2 cm to 2 meters; the average is 
around 10 to 15 cm. Bedding is arranged in packages of uniform thickness such 
that significant variation is usually seen only when one compares outcrops 
across regional strike. This is a function of both the thickness of each 
package and the thickness of the section exposed in each outcrop. Exceptions 
to this general rule occur when an unusually thick section is exposed such as 
that at the base of Seboomook Dam, where the thickest beds are found. By con­
trast, alternating packages of thickly and thinly bedded units can be traced 
directly across the width of Seboomook Lake, a distance of 1.6 km (1.0 mi). 
This demonstrates relatively wide-spread uniformity of controls on sedimenta­
tion during the deposition of each package. On the average the lithology is 
50% sandstone, but in the thicker beds the sandstone fraction is dominant and 
in thin beds the opposite is true.
Almost all beds are very well graded from fine- to medium-grained sand­
stone. They begin at sharp bases and grade smoothly upward to mudstone.
There are no abrupt upper contacts of the sandstone fractions. Concomitant
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color change is from buff at the base to dark gray at the top, which produces 
the varve-like appearance described by Boucot and Heath (1969). Color in the 
mudstone slate can vary irregularly from blue-gray to slightly greenish gray. 
About 13% of the sampled outcrops display convolute laminations which were 
probably the result of small-scale slumping. Other sedimentary features of 
note include cross-bedding, sole markings, and bedding-parallel laminations.
Boucot and Heath (1969) defined the age of the former Seboomook Formation 




The Ironbound Mountain Formation is exposed in two major belts within the
present field area: one in the northwest and the other on the southeast side 
(Fig. 2). These belts extend to the northeast and southwest beyond the Penob­
scot Lake region. Two minor strike belts bounded on their southeast margins 
by thrust faults are wholly contained within the region. The southeastern 
major belt thickens southwestward and is partly mapped into areas previously
identified as Seboomook Formation. Northeastward this belt extends as far as 
Caucomgomoc Lake where it ends by facies transition.
The northwestern belt is underlain entirely by the Grenier Ponds Member. 
The extent to which this member can be traced to the southwest in areas mapped 
as Compton Formation (Marleau, 1968) is unknown. Areas along the northeast 
extension have been mapped traditionally as Seboomook Formation (Osberg et
al., 1985).
Thinly bedded, well-cleaved, medium- to dark gray mudstone and siltstone 
slate is most characteristic of the Ironbound Mountain Formation proper. Beds 
range from 1 to 30 cm in thickness but averages around 10 cm. Bedding is usu­
ally regular in thickness and orientation. Beds are frequently graded and 
their bases sharp, giving the appearance of cyclicity often ascribed to
Seboomook rocks (cf. Boucot and Heath, 1969).
In many outcrops of mudstone slate bedding cannot be distinguished resul­
ting in a massive appearance for the unit. Where bedding is recognizable in 
rocks of this lithology it is usually marked by brown silt laminae about a 
millimeter in thickness at the base of each bed. Such beds usually show no 
grading. Siltstone slate beds are well graded from silt to clay grain size 
over the entire thickness, which is generally 10 cm or less.
Rocks of the unit are usually gray but may locally be olive-gray. This is
especially true of the rocks near Ironbound Pond in the southwestern part of
the area and is attributed to a higher chlorite content there than elsewhere 
in the formation. In the same area the rocks display a phyllitic sheen which
is related to increased phyllosilicate content.
Two local variations in the lithology of the formation constitute minor 
percentages of the unit. Scattered with no apparent vertical regularity in 
the rest of the unit proper are thick-bedded, light gray, graywacke. These 
become more prevalent toward the northeast. The graywacke beds are typically 
massive, fine-grained, well sorted in framework constituents, and either show 
no grading or are poorly graded. Beds of this lithology usually are not found 
in groups and are not traceable laterally.
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At several localities randomly distributed in the Ironbound Mountain are 
minor beds of matrix-supported conglomerate. Bedding is generally poorly 
defined and may be up to 2 meters in thickness. The matrix is generally of 
well cleaved, dark gray mudstone slate. Clasts are usually rounded and con­
sist most commonly of slate and feldspathic graywacke with rare mafic volcanic
rocks.
Throughout the field area the upper contact is with the North East Carry 
Formation. Although not exposed, this contact is most closely constrained 
along the northeastern and southeastern shores of Seboomook Lake. Here and 
elsewhere along the contact, beds on both sides face southeastward and are
overturned and indicate that the Ironbound Mountain, at least in the field 
area, is stratigraphically beneath the North East Carry Formation. This is a
reversal of the bedding and stratigraphic relationships which were mapped by 
Boucot and Heath (1969) in the same area and based on generally poor-quality 
road pavements. Bedding orientations do not change across the contact and 
there are no minor structures suggestive of faulting in its vicinity. For 
these reasons the contact is considered to be a conformable, probably sharp 
lithologic boundary. In the Caucomgomoc Lake area Pollock (1985) mapped a
facies transition between the two lithologies.
To the northeast the rocks of the Ironbound Mountain Formation proper 
grade laterally into the Grenier Ponds member. Frequency of graywacke beds in 
the Ironbound Mountain proper lithologically similar to the Grenier Ponds 
Member increases toward the northeast.
Because the Ironbound Mountain Formation conformably underlies the 
Gedinnian North East Carry Formation it may span the Silurian - Devonian 
boundary and range from possibly latest Pridolian to earliest Gedinnian in 
age.
Grenier Ponds Member
The Grenier Ponds Member exposed in the extreme northwestern corner of the 
Penobscot Lake and the adjacent part of the Sandy Bay quadrangles. Addition­
ally, rocks in the northeastern part of the Seboomook Lake quadrangle are 
assigned to this member. Thickness of the unit is difficult to assess. Since 
the top of the unit is unknown in the northwest and poorly constrained in the 
northeast, only a minimum thickness can be estimated. A best estimate is de­
rived from the belt exposed in a small syncline in the northwestern corner of 
the Penobscot Lake quadrangle (Fig. 2). Here the unit is about 600 m thick.
Massive, light gray weathering, fine- to medium-grained, quartzose lithic 
wacke comprises about 50% of the member. Fresh exposures are normally medium 
gray and may be tinted slightly blue or green. Well cleaved dark gray mud­
stone slate makes up the other half. Wacke thickness ranges between 20 cm and 
2 m with an average of about 1 m. Beds are well sorted and either non-graded 
or poorly graded over their entire thicknesses.
Bedding is planar and regular throughout individual outcrops but beds can­
not be traced from one outcrop to another. Both upper and lower contacts with 
slate are sharp and planar, except where disrupted by cleavage. No primary 
sedimentary structures were observed in the unit. Cleavage is fairly well de­
veloped in about half of the wacke beds while others display none.
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Typically the wacke is composed of about 25% quartz, a few percent feld
spar, 
atrix and
and between 30 and 35% rock fragments. The remainder is micaceous
accessory minerals. Rock fragments are about 75% light-weathering
slate and 25% mafic volcanic rocks and siltstone. By imparting a distinct 
light-flecked appearance to the rock, slate fragments become an important 
distinguishing characteristic of the Grenier Ponds member.
Interbedded slates are very similar to those of the Ironbound Mountain 
proper. They are generally between 5 and 20 cm thick and either display no 
grading or are well graded from siltstone to mudstone. Where grading is not 
apparent bedding is usually marked by thin silt laminae. Bedding is planar 
and consistent across individual outcrops but cannot be traced laterally for 
great distances. Some glacially polished slate outcrops show convolute silt­
stone laminae. Locally the unit contains thin, matrix-supported conglomerates 
with clasts of light gray siltstone and slate.
The upper contact of the member was not mapped in the northwestern expo­
sure. In the northeastern exposure the upper contact is with rocks of the 
Ironbound Mountain Formation proper and is inferred to be a comformable facies
transition. Laterally southwestward the graywackes of the Grenier Ponds 
Member become less prevalent and slate more dominant.
Frontenac Formation
Background. Early work on the Frontenac Formation was conducted by McGerrigle
(1934) in Quebec Province. He first defined the formation from exposures of
sandstone and mafic volcanic rocks southwest of Lac Megantic. On the basis of 
repetition of volcanic rocks he interpreted the major structure of the region
to be anticlinal. McGerrigle found no fossils in the formation and was forced 
to base his correlation with the Ordovician Ammonoosuc Volcanics of New 
Hampshire on comparative lithology.
Marleau (1968) worked on the problems of the Frontenac Formation in the 
Lac Megantic area immediately west of the Penobscot Lake region. His descrip­
tion of the formation is more comprehensive in that he differentiated a number 
of sedimentary rock types in the formation, including impure quartzites with 
minor amounts of interbedded slate, fine-grained sandstone, and limestone. 
Marleau suggested a Devonian age for the Frontenac based on his inference of a 
regional synclinal structure and lithologic similarity with the Devonian 
Tarratine Formation then being mapped by Boucot (1961) and Boucot and Heath
(1969) in Maine.
Albee and Boudette (1972) conducted a detailed investigation of the bed­
rock geology of the Attean quadrangle which included work on the pre-Silurian 
rocks of the BMA and their relationship with overlying Silurian and Devonian 
units. In corroboration of Marleau's work, they also assigned the Frontenac
Formation to the Devonian and suggested that it was stratigraphically above 
the Lower Devonian North East Carry (Seboomook) Formation. They accepted the 
synclinal interpretation of Marleau.
The work of Boucot (1961) and Boucot and Heath (1969) defined the limits
of the MRS and defined or redefined every formation within it. In considering 
the Frontenac Formation, Boucot (1961) first indicated that the rocks north­
west of the MRS in the Penobscot Lake region were of Cambrian or Ordovician
V
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. In later reconsideration, Boucot and Heath (1969) designated the rocks
to the northwest of the Synclinorium as Devonian and loosely correlated the 
Frontenac Formation with the Tarratine Formation of the synclinorium How­
ever, they indicated that the field evidence was contradictory in nature and 
that the Frontenac Formation might, at least in part, be older than the North
East Carry (Seboomook) Formation.
Cheve (1975, 1983 unpub. mapping) studied the Frontenac Formation and old­
er rocks in the Lac Megantic area of Quebec (Fig. 1). Pollock (1985) studied
the Frontenac and North East Carry Formations as well as the pre-Silurian 
rocks exposed at Caucomgomoc Lake to the northeast of the field area. The 
consensus of these workers, with which I concur, is that the Frontenac Forma­
tion is exposed in an anticlinal structure and that the unit is older than the
Seboomook Formation. However, Cheve (pers mun 1983) and Bothner and
Jahrling (1984) consider the Frontenac to be Ordovician, whereas I consider it 
to be no older than Silurian or latest Ordovician.
Description The Frontenac Formation is exposed in a structurally complex
belt which extends from the vicinity of Allagash Lake southwestward into 
Quebec Province and northern New Hampshire and northeastern Vermont where it 
has been mapped in part as the Gile Mountain Formation. Occupying the central 
portion of the Penobscot Lake region, the belt of Frontenac rocks is about 23 
km wide. This width is in part the product of repetition by a series of 
northwest-verging thrust faults. The belt narrows to about 5 cm wide in 
northern New Hampshire. Because of structural repetition by faulting and 
folding it is estimated that the outcrop belt represents a six- to eight- fold 
increase in unit thickness. The unit is probably 3000-4000 m thick.
Most exposures consist of thickly bedded, light bluish-gray to greenish- 
gray, fine- to medium-grained, graywacke. Graywackes are typically interbed 
ded with thinly bedded dark mudstone slate and are similar in appearance to
those of the overlying Ironbound Mountain Formation.
IBedding thickness is an important distinguishing characteristic of the 
Frontenac Formation. Normally, graywacke beds are between 20 centimeters and 
2 m thick. Locally they may reach 3 m or more in thickness, but in some areas 
may be as little as 10 centimeters thick. Individual beds cannot be traced 
laterally with confidence from outcrop to outcrop. In outcrops where multiple 
beds are exposed the bedding thickness may vary through its entire range. In 
a typical sequence a graywacke bed of a meter or more in thickness is overlain 
by a few meters of more thinly bedded graywacke topped by thin slate. This 
may be overlain by a number of thick graywackes where bedding is marked by 
very thin dark slate layers. Such variation in bedding thickness is not seen 
in any other unit in the field area.
Few primary sedimentary features exist in the graywackes of the Frontenac 
Formation. Thick beds most often are massive, well sorted, and either are 
non-graded or crudely graded over their entire thickness. Upper contacts of 
graywacke beds are abrupt and usually planar. Locally bed tops may be trun­
cated by broad scour troughs formed during the deposition of the succeeding 
bed. Cross-bedding, observed in only two outcrops, was not well enough ex­
posed to estimate transport direction. About 30% of the thick beds have poor­
ly defined bedding-parallel laminations. These are usually 1 to 2 millimeters 
thick, can be traced over outcrop width, and represent a slight decrease in 
the percentage of matrix material compared with the bulk of the rocks.
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In rare occurrences laminations may be arranged in a series of concentric 
surfaces which are concave-up. Average width of such structures is approxi­
mately 10 cm. Convolutions such as these usually are associated with slumping 
or dewatering events.
Some graywacke beds contain dark gray slate chips 2 to 5 cm in length 
which are supported by surrounding fine-grained sediment. They are usually 
found near the base of a bed and gentle warping of some suggests that they 
were not well indurated when incorporated in the graywacke. Additionally, 
where .cleavage is evident in the bed it cross-cuts the clasts which lack other
foliations. This indicates that the slate chips are not from a previously
»•deformed unit and are, therefore, probably intraformational rip-up clasts and 
disrupted beds.
%
Most thick graywacke beds of the Frontenac Formation have sharp, planar 
lower contacts. Basal paleocurrent indicators such as sole markings, flutes,
or grooves were not observed in the rocks of the unit. Lack of recognition of
these features may be partly due to tectonic overprinting rather than their 
absence at time of deposition. Throughout most of the unit, widely spaced
planar oleavage surfaces are developed. In the graywackes the planes are 5 to
10 millimeters apart and are marked by accumulations of cleavage-parallel 
platy minerals. Where closely spaced in the wackes the cleavage traces anas­
tomose. At the bases of many thick graywackes, lithologic contrast with un­
derlying slate is great. In these situations, where dip-slip movement on the 
cleavage surfaces is common, basal structures are obscured by strong linea- 
tions resulting from cleavage-bedding intersections. Figure 3 is an example 
of this type of relationship.
Grain size of the framework constituents of the graywackes varies between 
0.10 mm and 0.05 mm, very fine to medium sand size, for most of the formation. 
At the bases of some of the thicker beds grain size may locally reach 1.0 mm, 
but few such occurrences were noted in the field. No systematic spatial vari­
ation in grain size is evident. Grains are generally subangular in shape al­
though the range, from angular to subrounded, is considerable. Pressure solu­
tion is an important grain-shape modifier in a number of samples that show a 
mosaic texture. Most samples, however, have granular interstitial texture 
where framework grains are surrounded by finer matrix of platy and very finely 
granular material.
Framework constituents are quartz (45-55%), plagioclase (0.4-6%), K-feld- 
spar (0.4-15%), and some calcite (0-50%). Rock fragments are found rarely and 
only near the top of the formation. Matrix is composed of white mica and in­
distinguishable dark material (5-56%), chlorite (1-15%) and iron-titanium 
oxides (0-8%). Traces of biotite, clinozoisite, tourmaline, zircon, pyrite,
ankerite, actinolite, and detrital mica are found in many samples. The per­
centage of unidentifiable matrix material generally decreases while the amount
of chlorite and white mica increases in zones of contact metaraorphism. Cal­
cite quantities vary highly throughout the formation and with little consis­
tency in distribution. Pyrite often imparts a rusty or rust-spotted appear­
ance to the unit where it is prevalent.
Mudstone slate beds in the Frontenac Formation may be easily mistaken for 
those of the Ironbound Mountain especially where slate is the only lithology 
exposed in an outcrop. This is a particular problem near the Frontenac -
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Fig. 3. Sketch of cleavage-dis 
rupted bedding in the Frontenac 
Formation. Slate bed is stip­
pled and graywacke unpatterned 
except for cleavage traces. 
Arrow indicates topping in 
wacke. Lens cap for scale.
Grenier Ponds contact in the northwest. There slate beds are more frequent in
the Frontenac and are often poorly exposed in logging roads. Throughout most
of the Frontenac, slate is only a few centimeters thick where it is interbed­
ded with thick sandstone. Color of the slate varies between dark gray to
olive-green gray. The greener variety results from increased chlorite content 
in the vicinity of prevalent mafic intrusions, which increase in frequency 
southwestward. Toward the top of the formation the interbedded slates gener­
ally become thicker and some beds may be silty. All slates are well cleaved 
and the siltier beds are well graded.
Canada Falls Member of the Frontenac Formation
Volcanic rocks of this member crop out in one major northeast-trending, 
lens-shaped body and two minor lens-shaped bodies (Fig. 2). The smaller 
bodies are partially fault-bounded. Structural repetition by faulting and 
folding increases the width of the principal belt 3 to 4 times over the esti­
mated stratigraphic thickness of 1000 to 2000 meters.
Rocks of this member are generally green basalt which weathers light green 
to a depth of a centimeter. Exposures can be categorized as well-pillowed and 
poorly cleaved, or poorly pillowed and well-cleaved. Pillowed sections are 
more prevalent toward the top of the section and represent about 40% of the 
outcrops examined.
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Where well developed, pillows range in diameter from 10 centimeters to 2
meters "Bread-loaf" tops of many provide excellent topping evidence. Pro
pylitized rims and interstitial material, which weather yellowish-green and 
locally maroon, give way to medium-grained texture at the cores of many pil­
lows. The core texture is similar to, and easily confused with, the texture 
of hypabyssal mafic rocks found in the area. Small knots (< 10 cm diameter) 
of milky white quartz and pistachio-green epidote are common in interstitial 
areas but rarely found inside pillows. Centers of large pillows are jointed 
in a crudely developed radial pattern.
Many pillows contain vesicles and calcite spherulites which attain a dia­
meter of 1 cm at their largest. Spherulites and vesicles rarely exceed 10% of
the surface area of the rocks, while the um is as much as 50% of the
rock. Approximately 20% of the pillows have these features.
In outcrops which are not pillowed, cleavage is the most obvious struc­
ture. It is generally penetrative, spaced only a few millimeters apart, and 
planar. Outcrops of this type are often monotonously uniform both in medium 
grain size and texture over the entire exposure except for meter-sized lenses
of uncleaved, poorly jointed rock. These lenses are similar in appearance to 
the jointed cores of some pillows and may comprise 10% of the outcrop.
The mineralogy of the basalt is the product of significant alteration of 
the primary minerals. Grain size is generally too fine to permit identifica­
tion of minerals in hand specimen, except 20% of the rocks which contain 
white, euhedral phenocrysts of plagioclase. Phenocrysts are up to 2 millime­
ters in length. Medium-grained samples exhibit a felted groundmass of lath­
like feldspar and clustered chlorite blades. In thin section the results of
alteration are apparent in the replacement of primary mafic constituents by 
chlorite and epidote. Plagioclase has been completely albitized and contains 
inclusions of calcite and epidote. Magnetite is a common opaque mineral.
Other lithologies constitute a minor percentage of the Canada Falls 
Member. Most notable is a thin pyroclastic layer of volcanic bombs and tuff 
located near the base of the unit. The layer is only exposed in one locality 
and consists of light brown, elongate, highly vesicular clasts imbedded in 
dark gray, foliated tuffaceous material. They are completely supported in the 
very fine-grained uniform tuffaceous matrix of aquagene(?) origin.
Additionally, the member contains minor beds of intercalated siltstone and 
mudstone slate. These generally drape over the irregular upper surface of the 
pillow basalt and are are only a few meters thick.
Contacts of the Frontenac
Contact relationships of the Frontenac Formation with the overlying Iron- 
bound Mountain Formation are central to establishing its stratigraphic posi­
tion and age. Of importance in determining the nature of the contact are not 
only lithologic and sedimentary factors but structural ones as well. Litho­
logies of both units in the vicinity of the contact are similar. Most Fronte­
nac beds in the northwestern contact zone are thick graywacke. Across the 
area between the Marie Petuche Fault (Fig. 2) and the contact zone, progres­
sively thinner graywacke beds and thicker slate sections are interbedded.
Slate is particularly prevalent in road exposures and between hummocks under-
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lain by graywacke. Across the contact in the Grenier Ponds Member, the pro 
portion of wacke decreases to about 50% and individual beds are thinner.
Slate becomes proportionally more important.
STRUCTURAL GEOLOGY
The dominant structure of the Penobscot Lake region is interpreted to be a 
broad, northeast-trending anticline situated near the southeastern margin of 
the CVGS. This anticline has been sliced by imbricate, northwest-directed 
thrust faults (Fig. 2), the most continuous of which, the Marie Petuche fault, 
is nearly coincident with the anticlinal axis. Southeast of this fault most 
of the strata face southeastward. Northwest of the fault, beds are mostly 
sub-horizontal or northwest-facing. This suite of thrust faults is interpre­
ted as a positive flower structure related to right-lateral movement on the
Thrasher Peaks fault, which traverses the area just south of the Penobscot
Lake region (Fig. 1) (see Marvinney (in press) for detailed discussion of 
strike-slip faulting in this region).
Cleavage
A number of cleavages are recognized in the field area, the most spatially 
widespread of which is a northeast-trending, steeply dipping, penetrative
cleavage, here termed regional cleavage (S^. This is best developed in the 
fine-grained rocks of the Seboomook Group, especially the Ironbound Mountain 
Formation. In lithologically homogeneous outcrops of this formation, the 
cleavage is characterized by remarkably parallel, planar seams or domains 
which impart a fissile character to the rock. Thin-sectioning reveals the 
pervasive and penetrative cleavage to be defined by preferred orientation of
phyllosilicate and elongated grains. Cleavage intersects bedding at an 
oblique angle and the spacing between seams in outcrops appears to be less 
than one millimeter. This cleavage would typically be termed slaty in fine­
grained rocks.
When the outcrops consist of interbedded graywacke and siltstone or mud­
stone, as they commonly do in the Frontenac Formation, the cleavage takes on a 
different appearance. Cleavage seams refract sharply as they cross sharp con­
tacts between the bases of graywacke beds and tops of finer-grained beds. Up­
ward through graded beds they refract more gradually. Concomitant with re­
fraction is a decrease in seam spacing. In outcrops of coarser grained rocks 
the cleavage appears fracture-like and is spaced by as much as one centimeter. 
Cleavage seams anastomose and, in spite of their fractured appearance, most 
often are defined by concentrated opaque materials, oriented phyllosilicates, 
and partially by dimensional preferred orientation of elongate grains.
The regional cleavage (S^) j_s the earliest generation of cleavage in the 
area and is roughly axial planar to small folds. Its style and orientation is
similar to cleavage attributed to the Acadian orogeny in other areas of the
northern Appalachians (Osberg, 1978).
Orientation of  ̂ The field area was divided into eight structural domains 
for the purpose of comparing cleavage orientations. Domains were selected to
elucidate changes in structural grain inherent to (1) location, and (2) units
of differing age. Stereoplots of poles to Ŝi for each domain are shown in 
Figure 4.
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Cleavage orientations are noticeably different in the southwest and north­
east parts of the region, respectively. In domain I, underlain mostly by the 
Frontenac Formation, cleavage has a strong NE trend and is nearly vertical, on 
average, judging from the symmetry of the plot. In structural domains II and 
III the symmetry is not as well developed. More cleavage planes dip to the 
southeast and they show more variation in strike azimuth. The strong east- 
west component in the pole diagram indicates that a significant number of 
planes strike north-south. Similar trends are seen in domain IV but they 
reach their maximum expression in domain VI, the most northeastern. The 
stereoplot here is bimodal, showing that almost as many planes are oriented
north-south as northeast-southwest. A similar, although subdued progression 
is seen through domains V, VII, and VIII. However, many more cleavage planes 
in these southern domains dip to the northwest. In general, cleavage strikes 
more toward the north in the northeast and dips northwestward in the south.
Fault-related cleavage. A later cleavage (S?) is related to thrust.faults.
These are distinguished from S-| first by their appearance, often brittle, and 
second, by their cross-cutting relationships and local nature. In appearance
S? contrasts strongly with Sr at most localities beinS a true fracture 
cleavage, following the definition of Hobbs et al. (1976). Fractures are a
Lower hemisphere, contoured stereoplots of poles to S-i -*-n ® domains 
within the field area. Number of poles given for each plot.
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few centimeters apart and nearly vertical. The intersections of $2
form microlithons which break away to leave very craggy outcrops. Similar 
structures in the Helvetic Alps have been termed pencil cleavages by Ramsay 
(1981), where they are unambiguously related to thrust and nappe development.
Other examples of fault-related cleavage clearly show that it cross-cuts
both bedding and S1• Figure 5 shows the base of a near-vertical graywacke bed 
of the Frontenac Formation, on the left, and part of an underlying siltstone 
slate bed on the right. The bed base shows broadly rounded features which are 
interpreted as major load structures that have been accentuated by cleavage-
parallel slip. Regional cleavage is well-developed in both lithologies and is
sub-horizontal. This attitude is unique and indicates that post-cleavage 
rotation toward the northwest has occurred. Close examination of regional 
cleavage traces in the area where slate is pinched between sand lobes reveals
a sub-vertical crenulation cleavage. The orientation and associations are 
believed to be related to thrust rotation of regional cleavage toward the
northwest.
Folds
Small-scale. Outcrop-scale folds are often encountered in the field area.
The majority are tight to isoclinal, show some minor thickening in the hinge 
zones, and have amplitudes ranging from a few centimeters to several meters 
(Fig. 6). Most folds verge to the northwest, but some in the southern part of 
the area are southeast-verging. These are asymmetric folds in which long 
limbs dip at moderate to steep angles toward the southeast, and short limbs 
dip moderately northwestward. Axes plunge at shallow to moderate angles both 
to the northeast and the southwest. Most of the axial planes are inclined
with regional cleavage (S^) roughly axial planar, but some in proximity to 
thrust faults are close to recumbent.
Large-scale, The orientations of bedding planes across the area mimics, in a 
broad sense, the style of folding seen in minor folds. The asymmetry of fol­
ding is clearly seen in the dominance of beds dipping steeply to the southeast
and a relatively minor number dipping moderately to the northwest. In parti­
cular in the southeastern belt of Ironbound Mountain Formation, there is a 
predominance of overturned beds.
In areas of relatively continuous exposure it is possible to map the axes 
of some of the larger folds. The northwestern extremity of the field area, in 
particular, provides such an opportunity. A number of small, doubly plunging 
anticlines and synclines which are overturned to the northwest have been map­
ped in the Grenier Ponds Member. These may have resulted from overriding of a 
northwest-directed thrust sheet. In the central and southeastern parts of the 
area where thrusting is important, folds of this size tend to be obscured.
Northwest facing of units in the northwest and southeast facing in the 
southeast, together with repetition of the Ironbound Mountain Formation on 
both sides of the Frontenac Formation (Fig. 2) suggest that the main structure
in the center of the field area is a broad anticline. This structure is 
complicated by thrust faulting.
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Fig. 5. Sketch of cleavage relationships in thrust area. Sub-horizontal Ŝ|
in sandstone bed topping left (NW) is crenulated by near-vertical S?
Fig. 6. Sketch of typical NW-verging fold in Frontenac.
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Within the main part of the Penobscot Lake region the most important mode 
of faulting is northwest-directed, low- to moderate-angle thrusting. Although
three separate faults were mapped, two of these may be imbrications of the 
first and longest, the Marie Petuche fault, named for a pond in the Penobscot 
Lake quadrangle which it traverses. Occurring entirely within the Frontenac 
Formation, this fault extends for more than 25 km from the northeast corner of 
the Penobscot Lake quadrangle through the international border station on U.S. 
Route 201 in the Sandy Bay quadrangle, where it is superbly exposed in artifi­
cial road cuts. Its extent beyond these areas is unknown.
At the international border station on U.S. Route 201, the Marie Petuche 
fault cuts thick graywacke and interbedded slate of the Frontenac Formation. 
Through much of the outcrop the dominant structures are bedding plane partings 
or separations, and other fractures developed at a low angle to bedding. In
combination with a number of cleavages, the partings and fractures impart an 
extremely brittle appearance to the outcrop. Also, in parts of the outcrop 
individual beds are segmented by southeast-dipping shears, which makes bedding
extremely difficult to trace.
The Marie Petuche fault is mapped northeastward along the international 
border and the southeast side of Green Mountain for 3 reasons. This is coin­
cident with a narrow band of kinking which may be fault-related as it is a 
narrow, linear zone involving localized strong, nearly horizontal shortening. 
Other fracture cleavages similar to those seen at the border station exist 
along this trend. Most importantly, the structural style and stratigraphy 
abruptly change across the zone. On the southeast minor folds verge toward 
the northwest and are tight. Beds face southeast; lower stratigraphic levels 
are exposed towards the fault. Beds in the Frontenac Formation are thin to 
medium in thickness and interbedded slate is less prevalent. Northwest of the
fault, folds are generally broad and upright or southeast verging. Beds face 
northwestward; the Frontenac - Ironbound Mountain contact is approached in a 
short stratigraphic distance. Beds in the Frontenac Formation are thick, and
interbedded slate is more frequently encountered. All observations suggest an
important discontinuity at the zone with some repetition of section in the 
Frontenac.
In two other areas faulting of the same nature has resulted in stratigra­
phic repetition of the section. One occurrence is in the central part of the 
Penobscot Lake quadrangle (Fig. 2), where a thin wedge of Ironbound Mountain 
Formation is in depositional contact with the underlying Frontenac Formation 
on the northwest and structurally beneath it on the southeast. All units dip 
and face southeastward indicating an older-over-younger relationship. Exten­
sive kinking and fracture cleavage are developed in the Ironbound Mountain 
Formation. Because the style of deformation is similar to that seen along the
Marie Petuche fault, this fault is interpreted to be an imbrication of north­
west-directed thrusting.
The second fault is inferred along the northwestern limit of the Canada
Falls Member where it is in contact with excellent mudstone slate of the
Ironbound Mountain Formation. Bedding in the latter faces southeastward into
the volcanic rocks in which it was not possible to determine bedding attitude
near the contact. The fault trace is represented by a narrow topographic low 
in which there is no outcrop.
Thrust Faults
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A number of high-angle fault sets offset some of the stratigraphy and 
earlier structures in the region. One or possibly two sets of northeast- 
trending faults of near-vertical dip and one set of northwest-trending "cross" 
faults have been delimited.
A high density of northeast-trending faults exist in the southwest part of 
the field area, although they are not limited to this part of the area. They 
are known from repetitive juxtapositions of stratigraphic units on the south­
east flank of the mountain and from road cuts along U.S. Route 201 described 
by Albee and Boudette (1972). Faults there are mapped as having normal dip- 
slip separation because the younger Ironbound Mountain Formation is juxtaposed 
against the Frontenac in an area largely underlain by the latter.
Three northeast-trending "cross" faults offset the strike belt of the 
Ironbound Mountain Formation in the southwestern part of the area (Fig. 2). 
Their extent beyond this belt is not well defined and is based on prominent 
topographic lineaments and possible offsets in stratigraphic units. Although 
the map patterns at first inspection suggest strike-slip displacements along 
these faults, primarily, they are more likely related to other late, north­
west-trending faults throughout northern Maine (Osberg et al., 1985) which are 
primarily dip-slip.
SUMMARY
The stratigraphic units of the Penobscot Lake region are interpreted as 
having been deposited in a marginal basin which may have been formed, at least
in part, by transtensional processes. Figure 7 reviews the geologic settings 
of deposition of these units. Rocks of the Frontenac Formation are interpre­
ted as proximal turbidites representative of fairly steep basin slopes or 
proximity to source areas. The general lack of volcanic rock fragments in 
Frontenac rocks argues against a pure back-arc setting, at least in terms of 
the classification scheme of Dickinson et al. (1983). The mafic volcanic 
rocks of the Canada Falls Member are suggestive of an extensional setting 
although chemical analyses are ambiguous as to continental or oceanic affinity 
for these basalts (Marvinney, 1986).
The occurrence of thick bedded, proximal turbidites and frequent mafic 
sills, as seen in the southwestern part of the area, constitutes an example of 
a sediment-sill complex as described by Einsele (1985) in the central Gulf of
California. The high flux of sediment into this narrow spreading basin ham­
pers the upward movement of magma at the spreading center resulting in the 
intrusion of magma as sills rather than extrusion as pillow basalts and flows 
seen in typical spreading centers.
Although also turbiditic, the more distal nature of the deposits of the 
Ironbound Mountain Formation indicate either an increase in water depth, re­
duction in source area relief, or a combination of the two. At this time the
basin in which the Frontenac was deposited may have amalgamated with other 
basins in the region such that the units of Early Devonian age are fairly 
similar in lithology throughout the area. The coarser grained sedimentary
rocks of the North East Carry Formation are indicative of the development of 
mountainous areas toward the southeast as the Acadian orogeny was initiated.
High-angle faults
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Fig. 7. Schematic paleogeographic 
setting of northwestern Maine and 
adjacent Quebec during the Early to 
Middle Silurian, Middle to Late 
Silurian, and Early Devonian. Arrows 
show direction of sediment transport. 
Formation abbreviations as in Fig. 2.
The structures of the region are Acadian in origin. An interpretive cross 
section is shown in Figure 8. This shows that the rock units generally young 
southeastward and that they are cut by a series of imbricate, northwest di­
rected thrust faults. These are interpreted as forming part of a "positive"
flower structure about the right-lateral Thrasher Peaks fault, similar to
occurrences noted elsewhere by Harding (1974) and Harding and Lowell (1979).
229
S B  S a n d y  B a y  
P L  P e n o b s c o t  L a k e  
S L  S e b o o m o o k  L a k e  
L P  L o n g  P o n d
M P F  M a r i e  P e t u c h e  F a u l t  
T P F  T h r a s h e r  P e a k s  F a u l t
Fig. 8. Interpretive cross section from NW to SE across the Penobscot Lake 
quadrangle.
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Back-thrusting may be responsible for juxtaposing Frontenac and Ironbound 
Mountain rocks in the southeast and for overturning part of the section there.
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ITINERARY
The trip will begin at the parking lot of St. Joseph's Catholic Church on 
Rte. 15 in Rockwood. We will be on dirt roads all day and there will be no 
opportunity to purchase provisions once under way. Please note that these are
private paper company roads and that right of way should be yielded to all 
logging trucks. At each stop be sure to park vehicles as far off the roadway
as possible. Unless there is alot of rain, the roads will be dusty.
Mileage
Total Int.
0 . 0 St. Joseph's Catholic Church. Turn left (west) on Route 15
0.1 0.1 Turn right onto bridge crossing Moose River. Bear right at 
north end of bridge.
0.6 0.5 Enter Great Northern Paper Company land.
8.8 8 . 2 Intersection. Proceed straight ahead.
11.6 2. 8 Road intersecting from right. Keep left
12.7 1.1 STOP 1. Park on the left side of the road on broad shoulder 
before the road curves to the right. Typical blue-gray gray 
wackes of the North East Carry Formation are best exposed in
the road cut on the east of the road in the curve Bed
ding in the graywacke here ranges from 2 - 40 cm in thickness 
with an average around 10 cm. Although there is variability
in bed thickness, there are relatively few thick beds and few 
thin beds. Each bed is well graded from fine grain size at a 
very sharp base, smoothly upward through mudstone at the top. 
The average percentage of sandstone vs. mudstone across the 
outcrop is about 50-50.
Bedding is oriented N59E 72NW and is overturned. S-j a 
fracture cleavage in sandier sections which grades into slaty
cleavage in the mudstone sections. Typical refraction of
cleavage is well demonstrated here. oriented N57E 56NW
in slate sections.
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Proceed north on dirt road.
15.3 2.6 STOP 2. Park on right at Mile Marker 87. Walk east about 200
m through slash to the south end of the small pond that can be
seen from the road. This massive, light gray-weathering, 
fine- to medium-grained graywacke is typical of the amalgama­
ted graywacke beds found locally in the main body of the 
Ironbound Mountain Formation. This lithology is more typical 
of the Grenier Ponds Member into which the main body of the 
formation grades to the northeast.
No clear evidence of bedding can be seen in this 5 m thick 
outcrop. Some layers containing large (5-10 cm) dark gray 
slate chips are evident, especially in the outlet stream from 
the pond, but their orientation is difficult to establish. 
Cleavage runs from the graywacke through the slate chips sug­
gesting that these were undeformed rip-up clasts when the 
graywacke was deposited.
Cleavage is much more pervasively developed in these gray- 
wackes than in the fine-grained sandstones of the North East 
Carry Formation seen in the previous outcrop. This is due to
a greater percentage of matrix micas in these graywackes and
is typical of the appearance of -^e coarser grained
rocks of the Ironbound Mountain Formation and the Frontenac
Formation. j_s oriented approx. N55E 73NW.
Proceed northward on dirt road.
15.8 0.5 STOP 3. Park as tightly together as possible on the right
side of the curve. The outcrop on the left shows atypically
poorly bedded siltstone and mudstone slate of the Ironbound 
Mountain Formation. This is one of the few debris flow or 
olistostromal sections in the formation. Small (2-3 cm)
clasts of graywacke and slate can be found in the massive 
section at the south end of the outcrop. These are most 
easily seen on the naturally weathered upper surface of the 
outcrop. On the north side of the outcrop, a thick, more-or- 
less in place, poorly cleaved graywacke bed consisting of a 
coarser grained, less micaceous rock than seen in Stop 2, is 
oriented N59E 60SE.
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Cleavage is more poorly developed here than in most parts of 
the Ironbound Mountain Formation owing to a greater silt con
tent here. oriented N59E 80NW.
Proceed north on dirt road.
16.2 0.4 STOP 4. Park in pull-out on left side of road. Outcrop is on
right side of road. This is the typical slate of the Iron- 
bound Mountain Formation and constitutes 95% of the main body 
of the formation. The dark gray siltstone and mudstone slate
has very regular bedding and well developed cleavage. Beds 
are generally 2-15 cm thick, have sharp bases, are well graded
from siltstone to mudstone in the thicker beds, and are up—
%
right, topping to the southeast. Some fine laminae also mark 
bedding which is oriented is N63E 48SE.
Cleavage is penetrative and very planar here as it is through
out the slate of the Ironbound Mountain. It is oriented N58E 
79SE.
The contrast between these rocks and those of the North East 
Carry Formation are the regularity of the slate and the pre­
dominance of siltstone and mudstone over any coarser grained 
beds.
Continue north on dirt road. The contact with the Frontenac 
Formation is crossed within 0.2 miles.
16.6 0.4 Great Northern Paper Co. gate
16.8 0.2 Intersection. Continue straight. Road to right leads to
Seboomook Da
16.9 0.1 STOP 5. Park as close together as possible on the right side
of the road. Walk east (right) 25 m down the slope toward the 
small stream to where the slope steepens markedly. Walk 
approximately south along the slope break to large outcrops of 
massive graywacke typical of the Frontenac Formation. The 
graywackes here are several meters thick, poorly graded, mild­
ly calcareous, light gray-weathering, fine-grained rocks. The 
graywacke is very micaceous and, as a result, well cleaved. 
Bedding is elusive. Only where interbedded dark gray slate 
10-20 cm in thickness is found can bedding orientation be 
established. It is oriented N48E 71SE and is upright. S 
oriented N58E 82SE.
Continue north on dirt road.
17.7 0.8 Intersection. Keep right toward Windy Pitch.
19.0 1.3 Intersection. Keep left toward Pittston Farm.
19.2 0.2 STOP 6. Park at the south end of causeway crossing the wes
tern end of Seboomook Lake and walk 100 m northeast across
V
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open area to large promontory. These are pillow basalts of 
the Canada Falls Member of the Frontenac Formation. At the 
south end of the outcrop, thinly bedded (2-5 cm), brown silt- 
stone overlies green basalt and in-fills the irregular surface 
of the basalt. This siltstone lithology is uncharacteristic 
of the Frontenac or Ironbound Mountain and may represent a 
local depositional environment.
Pillows in the basalt are well developed and variable in size 
(a few cm to 1 m long). They are very elongate here although
elsewhere they can be quite rounded. In spite of the elonga­
tion, topping can be determined from the rounding of tops and 
necking of bases of pillows. The beds are nearly vertical and
top to the SE.
On the northern side of the outcrop is a sequence of thin, 
buff-weathering, very fine grained arenites. These are com­
posed primarily of quartz and feldspars with very little 
matrix. The former matrix material has been metamorphosed by 
the overriding basalt to form green biotite and some actino­
lite. 40^r/39Ar dating of the biotite is inconclusive.
is very poorly developed in the main part of the basalt. 
Toward the north side the basalt becomes more massive and
better cleaved. In many pillows, the coarser grained cores 
are jointed into a very blocky appearance. In the non-wave 
worn parts of the outcrop, this feature is almost the only 
indication of pillowing.
Continue across causeway. Outcrops between here and the next 
stop will be basalt.
19.7 0.5 Intersection. Continue straight.
20.0 0.3 Bridge over the South Branch Penobscot River. Pittston Farm
Ranger Station on left.
20.4 0.4 Intersection. Turn left toward Canada Falls Dam. The road
winds its way toward the dam, affording several excellent 
views of the river. The rocks are all volcanics of the Canada 
Falls Member.
23.1 2.7 STOP 7. Canada Falls Dam. Park in the open area near the top
of the dam. The small island directly across the log boom is 
underlain with basalt. The island farther southwest is under­
lain by slate of the Ironbound Mountain. Toward the north­
west, basalt is encountered within 100 m. The slate is pro­
bably exposed in a fault sliver. Evidence for faulting is
apparent in the rocks exposed along the base of the dam toward 
the river. The slate is silty Ironbound Mountain. These are 
contorted and shot through with quartz veins including one 
massive meter-thick vein at water's edge. These are thought
to be the consequence of recrystallization of quartz in a
shear zone.
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The outcrop which juts out downstream is well bedded and well 
cleaved slate of the Ironbound Mountain. Bedding is oriented 
N47E 88NW, and upright. S. is oriented N59E 80SE. A late 
fracture cleavage related to faulting is oriented N27E 75NW.
Drive back down the Canada Falls Road to the main road.
Turn left onto main road.
We have crossed one thrust fault and the rocks about 150 m 
through the woods to the left at the slope break are 
graywackes of the Frontenac Formation which face to the 
southeast. Do not stop.
Intersection. Keep right.
STOP 8. Park on the right just before the road steepens 
sharply. Walk down the slope to the right about 50 m to the 
North Branch Penobscot River. At water's edge is one outcrop 
of rocks thought to be transitional between the Ironbound 
Mountain and the Frontenac. The well bedded, well graded 
light blue-gray graywacke and dark slate are overturned to the 
northwest (N63E 81NW). Beds are 10-20 cm thick and very dis­
rupted with slate injections along the bases of many of the 
coarser beds. There is considerable convolute bedding and 
minor folding. The graywacke is very micaceous and rust- 
spotted, reminiscent of the Frontenac Formation although the 
grading and laminations are uncharacteristic of that forma­
tion. The overturning is the consequence of southeast-over- 
northwest thrusting or reverse faulting.
Continue northeast on dirt road.
Intersection. Bear right.
STOP 9. Bridge over Leadbetter Falls. Cross the bridge and 
park on the left side of road well away from the bridge.
These rocks are transitional in character between Ironbound 
Mountain and Frontenac lithology. The character of the rocks 
is sandier than most of the Ironbound, but alot more variable 
in mica content and brown color than the North East Carry. 
There is generally more slate than in the Frontenac but fre­
quency of Frontenac-like wacke increases down-section (up­
stream). The structural setting here is a large, asymmetri­
cal, NW-verging fold with a wavelength of several hundred 
meters. On the south side of the bridge, bedding is regular 
and is oriented N5E 10E. Beneath the bridge bedding is sub- 
horizontal. North of the bridge bedding abruptly dips steeply 
NW, and considerable slip and shear along cleavage disaggre­
gates bedding. This NW dipping limb of the fold has minor 
folds which verge to the SE. On the west side of the river, 
continuing upstream, bedding begins to dip SE again. Minor 
folds verge NW, are sheared SE-over-NW, and show about 50$ 
shortening. About 200 m upstream from the bridge, bedding 
once again dips gently to moderately SE.
Continue east on dirt road.
30.3 0.9 Intersection with the Golden Road. Turn right (SE) and watch
for trucks!!!
31.9 1.6 STOP 10. Pull as far off the road on the right side as pos­
sible. This stop is about 200 m south of a dirt road marked 
High Road. Cross the road to low outcrops on the E side. This 
shows graywackes of the Frontenac and a good illustration of 
crenulation cleavage (S^) related to faulting. Bedding is 
nearly vertical and facing NW. The disrupted base of a fine­
grained wacke shows to be dipping gently to the SE, a 
marked change from the orientation noted thus far. Where dark 
slate is injected into the base of the wacke, a near-vertical 
crenulation cleavage (Sp) has developed, possibly in response 
to northwest-directed thrusting. This outcrop (illustrated in
Fig. 5) is thought to be on the lower plate of a thrust.
Continue SE on Golden Road.
32.5 0.6 STOP 11. Park on the right. More Frontenac Formation, facing
SE in the upper plate of a thrust. Beds are generally 40-50 
cm thick and poorly graded. Cleavage is near vertical but 
strongly refracted as the beds become finer grained. Minor 
folds verge NW and there is still evidence of brittle deforma­
tion.
Turn around and head north on the Golden Road.
34.7 2.2 Intersection with Pittston Farm road. Continue straight.
Small outcrops along the road and on the west side of the
river show that we are continuing down section.
38.9 4*2 STOP 12. Large outcrop of Frontenac Formation on right. This
outcrop shows some of the variability of bedding thickness in 
the Frontenac, ranging from several meters down to a few cm.
Except for one massive graywacke, the unit is much siltier and
slatier than elsewhere. This is near the top of the formation 
near the contact with the Ironbound Mountain and the rocks on 
the north side of the outcrop are most characteristic of this 
transition.
The asymmetry of folds indicate vergence to the SE in this 
lower plate of a thrust. There are several near-vertical 
fractures marked by quartz veining which are related to thrus­
ting. On the north side, bedding dips very gently which is 
characteristic of the entire northern part of the field area. 
Ŝ  is oriented N43E 84SE. Fold axis trend N38E and plunge 9E.
END Turn around and head south on Golden Road. Turn right off
Golden Road at mile 77. Cross North Branch and bear left at 3 
more intersections. Pass ranger station, cross South Branch, 
continue straight across causeway on Seboomook Lake. Bear 
right at next intersection and straight at following ones to 
Great Northern gate. Follow the road straight (S) through all 
intersections to Rte 15. Turn left to Greenville.
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